Gut microbial metabolite TMAO contributes to renal dysfunction in a mouse model of diet-induced obesity.
Emerging evidence shows that obesity induces renal injury and is an independent risk factor for the development of chronic kidney disease (CKD), even without diabetes or hyperglycemia. Although multiple metabolic factors have been suggested to account for obesity-associated renal injury, the precious underlying mechanisms are not completely understood. Recent study shows that increased trimethylamine N-Oxide (TMAO), a gut microbiota-generated metabolite, directly contributes to renal interstitial fibrosis and dysfunction. Circulating TMAO is elevated in high-fat diets (HFD)-induced obese animals. Here we tested the hypothesis that elevated TMAO might play a contributory role in the development of renal dysfunction in a mouse model of HFD-induced obesity that mimics human obesity syndrome. Male C57BL/6 mice received either a low-fat diet (LFD) or a HFD, without or with 3,3-Dimethyl-1-butanol (DMB, a trimethylamine formation inhibitor) for 16 weeks. Compared with mice fed a LFD, mice fed a HFD developed obesity and metabolic disorders, and exhibited significantly elevated plasma TMAO levels at the end of the experiment. Molecular and morphological studies revealed that renal interstitial fibrosis, phosphorylation of SMAD3 (a key regulator of renal fibrosis), expression of kidney injury molecule-1 and plasma cystatin C were significantly increased in mice fed a HFD, compared with mice fed a LFD. Additionally, expression of NADPH oxidase-4 and pro-inflammatory cytokines tumor necrosis factor-α and interleukin-1 β was also augmented in mice fed a HFD as compared to mice fed a LFD. These molecular and morphological alterations observed in mice fed a HFD were prevented by concomitant treatment with DMB, which reduced plasma TMAO levels. Furthermore, elevated circulating TMAO levels were positively correlated with increased renal interstitial fibrosis and expression of kidney injury molecule-1. Notable, there was no difference in blood pressure among groups, and DMB treatment had no effects on body weight and metabolic parameters. These data suggest that HFD-induced obesity leads to elevations in gut microbiota-generated metabolite TMAO in the circulation, which contributes to renal interstitial fibrosis and dysfunction by promoting renal oxidative stress and inflammation. These findings may provide new insights into the mechanisms underlying obesity-associated CKD. Targeting TMAO may be a novel strategy for prevention and treatment of CKD in patients with obesity.